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Phonons definition

Aphonon(i.e. alattice wave)is describedby :

A awavevector,q: determinesthe directionof propagation

A a dispersionrelation,] , 3 A, relatesthe wave vector of a phonon, g, to its
energy] ,

A apolarizationvector, g, Dgivesthe direction of atomicdisplacementsForeachq,
three typesof waves: 1 longitudinal(compressionaljor g, /7 Aand 1 transverse
(shear)g, U A

A an occupation number given by the BoseEinstein distribution : £(] )
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Thermodynamic of phonons

Bose Einstein statistic Internal energy Specific heat
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Phonons submitted to a thermal gradient (non equilibrium thermodynamics)

Ng = Ng +Nyq Q=-1_ T  Mmthermal conductivity

Q =, 4(energy in state g)*(group velocity of phonon q)
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Whichphonons
Ex. : TA(100)! phonons in Ge
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Experimental tools :

Inelastic Xray Scattering (IXS)
InélasticNeutrons Scattering (INS
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BinarycagesmaterialsB&Sj (siliconclathrate of type i)

hhl: 1=2n
<~1-2 W/mK 00l : 1=2n
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- Regular arrangemendf Sj, (5%, dodecahedrapnd Sj, cages
(tetrakaidecahedra,56%)

- Cubiccell: Pm3n (223), a~10.3 A



X-ray . interact with the electron

X-ray andnNeutronidiffraction
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f, : atomic scattering factors depends on the interaction ga/Neutrons with matter

clouds of an atom
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Neutron : interact with atomic nuclei (and
magnetic fields from unpaired electrons)

X-ray and Neutrons
weighted Bragg intensitie
in the scattering plane
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X-ray and Neutron phonon intensity

Dynamical structure factor FolFrp A
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X-ray vsiNeutrons\weighted-phonons dntensities
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Phononpolarizationterm ({r Ggap (o= 41 F
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Neutron triple axis spectrometer

1Thz=1%Hz~4meV~48l+<
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Neutron analyzer
18 cm * 10cm

-------

Neutrons (~20meV) — =
v a
Source

Detector

Conservation equations :

Desired incident’Q, ‘O) and
diffused (Q , O) neutrons are
selected from the beam using
aAy3atsS ONBadlft 3

Neutron (INS -3axeg

Beamsize ~cn?

DwW° 20GHz
Dq° 0.05nm t




Inelastic)Xray scatteringsspectrometer

1 curved crystals analyzer :
12 000 crystal 0.6*0.6*3 m#r

T-scanf mK

Monochromator
Si (n,n,n)
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Mirror
vertical focusing
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(Ei,Ej~20keV>>l.

High energy resolution backscatteriogstals:
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Temperatures omonokand analyzer controlled in theK-range




Samples

Rayons X

Neutrons

Ba,GeNig

B3;Sig
(5 GPaet 1000°C, ILM Lyon)
Array built of several

single crystals for
neutrons.

V=350 mm




Neutron mappingof transversephonons



